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Abstract: The existence of enterotoxigenic Escherichia coli(ETEC) was studied on children 
with diarrhea in Mombasa and healthy inhabitants in two rural areas of Kenya in 1983. 
ETEC which was isolated from 6.0 per cent of rectal swabs (47/782) among the diarrheal 
children, was the thirdly predominant enteropathogen following enteropathogenic E. coli 
(EPEC) and Campylobacter jejuni, Out of 47 ETEC positive cases, heat labile enterotoxin 
(LT) and heat stable enterotoxin (ST) were detected in 21 and 24 cases respectively, 
and producers of both toxins were proved in two cases, Ten out of 47 cases were also 
infected with other enteropathogens. On the other hand, among 664 healthy villagers 
20 (3.0%) carried ETEC, secondly noted pathogens following EPEC. Seven and 12 
ETEC carriers were infested by LT and ST producers respectively, and only one case 
carried ETEC producing hover oxins, This study clearly demonstrated that ETEC played 
a significant role as one of the leading agents of diarrheal children and carriers among 


healthy individuals in Kenya. 
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INTRODUCTION 


Since the report of Sack et ai,(1971) who firstly isolated enterotoxigenic Escherichia 
coli (ETEC) from “cholera-like disease” in Calcutta, this organism has been reported as 
a causative agent of acute diarrheal disease particularly among children in Southeast Asia 
(Black et al., 1980; Khusmith et al., 1980; Maidin, 1983), Central and South America 
(Donta et al., 1977; Reis et al., 1980) and African Continent (Georges et al., 1983). 
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It is well known that this enteropathogen is now widely distributed not only in such tropi- 
cal developing countries but also in developed nations (Gurwith and Williams, 1977; Black 
et al., 1980) and recognized as the most important causative agent of travelers’ diarrhea 
(Merson et al., 1976; Back et al., 1980; Kudoh et al., 1980). However, few epidemio- 
logical studies areavailable on this organism in Africa. The purpose of this study was to 


prove the existence of ETEC in Kenya, 


MATERIALS AND METHODS 


Bacteriological examination of rectal swab: A total of 782 specimens were obtained 
from children with diarrhea who visited pediatric filter clinics of Coast Provincial General 
Hospital and Mvita Clinic in Mombasa, and 664 specimens were collected from healthy 
inhabitants in two rural areas far from each other, South Nyanza and Kwale districts, 
Kenya, in 1983. Specimens of rectal swab collected were immediately put into Cary-Blair 
transport media and were later processed by routine bacteriological techniques in the labo- 
ratory. | 

From the primary culture on BTB agar plate, three representative colonies identified 
to be Escherichia coli (E. coli) were stocked on Dorset’s egg media for further testing. 
To identify enteropathogenic E. coli (EPEC), Salmonella and Shigella, the diagnostic an- 
tiserum sets No.1 and 2, No. 1 and 2, and No. 1 from Denka Seiken Co. Tokyo, 
were used respectively. | 

Biken test (modified Elek test) for heat labile enterotoxin: The method of Honda et 
al. (1981) was applied to detect heat labile enterotoxin (LT). Six E. coli isolates grown 
on BTB agar were inoculated to form a circular arrangement on a Biken agar No. 2 
plate. After incubation at 37°C for 48 hours, a paper disk (Whatman AA) containing 500 
units of polymyxin B (Taitoh Pfizer Co., Tokyo) was put onto each growth and again in- 
cubated at 37°C for six hours. Subsequently, a well was punched out at the center of the 
plate and was filled with 30 wl of anti-LT antiserum. The plates were reincubated at 
37°C overnight. The appearance of a white precipitin line between the growth and the 
well indicates production of LT. E. coli 1110407 paeinace from Bangladesh was used as 
a standard producer of LT. 

Suckling mouse assay for heat stable enterotoxin: The method of Takeda et al. (1979) 
modified from the report of Dean et al. (1972) was used for the detection of heat stable 
enterotoxin (ST) from Æ. coli to be tested. Each isolate of Æ. coli was inoculated into one 
ml of CAYE broth and incubated with shaking in the water bath at 37°C overnight. The 
broth culture was centrifuged at 2,500 rpm for 20 minutes and 0.1 ml of the supernate 
mixed with one drop of two per cent Evans blue solution as a marker was fed intragastrically 
to two- to three-day-old mouse using a tuberculin syringe connected to one cm length of 
polyethylene tube No. 5 (Igarashi Co., Tokyo). For each sample of supernate, three 


mice were fed. After three hours at room temperature, the mice were sacrificed with chloro- 
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form vapor. The abdomen was opened and checked for the accumulation of intestinal 
fluid. When the ratio, intestinal weight of a mouse divided by the remaining whole body 


weight, gave over 0.09, this was regarded as an indication of the strain producing ST. 


RESULTS 


Existence of enteropathogens in stool specimens from children with diarrhea: Out of 
782 fecal specimens collected from children with diarrhea aged 0 to 14 in Mombasa in 
July, September and November 1983, 277(35.4%) were positive for one to three kinds of 
enteropathogens. As shown in Table 1, one, two and three kinds of enteropathogens were 
isolated from 244, 29 and four cases respectively. EPEC was the most frequent pathogen 
(16.2%) followed by Campylobacter jejuni (C. jejuni, 12.5%) and ETEC from 47 cases 
(6.0%) were the third. Out of 47 cases from which ETEC were isolated, 10 cases were 
also infected with other enteropathogens, C, jejuni, EPEC, Shigella, Salmonella or Aero- 
monas. 

The distributions of the kinds of enterotoxin for ETEC identified from pediatric 
diarrheal cases by age and sex were shown in Tables 2 and 3 respectively. Out of 47 
cases, 24and 21 cases were caused by producers of ST and LT, and only two cases were 
due to the producers of both toxins (LT/ST). There were no significant differences 
between infection rates of ETEC and age or sex. 

Existence of enteropathogens in stool specimens from healthy individuals: Rectal swabs 
= were collected from 468 villagers in South Nyanza from March to November and 196 
inhabitants in Kwale in September 1983. As shown in Table 4, EPEC, ETEC, Vibrio 


cholerae O1, Salmonella and Shigella were isolated in South Nyanza where cholera outbreak 


Table 1. Enteropathogens identified from children with diarrhea aged 
0 to 14 in; Mombasa 


Enteropathogens Cases (%) Enteropathogens Cases (%) 
EPEC* 106 (13.6) EPEC + C. jejuni 11 € 1.4) 
Campylobacter jejuni 77 © 9.8) EPEC + ETEC 2(€ 0.3) 
ETEC** 37 € 4.7) C. jejuni + ETEC 4 (0.5) 
Shigella 9 € 1.2) C. jejuni + Shigella 3 € 0.4) 
Salmonella 9 (1.2) EPEC + Shigella 2 (0.3) 
Vibrio fluvialis 4 (0.5) EPEC + V. cholerae non-Ol 2 (0.3) 
Vibrio cholerae non-01 1 (0.1) EPEC + Aeromonas 1 (0.1) 
Aeromonas 1 (0.1) ETEC + Shigella 1 (0.1) 

ETEC + Salmonella 1 (0.1) 


EPEC + C, jejuni + Salmonella 2 (0.3) P y 
EPEC + C. jejuni + ETEC 1 CoD i = po la 1 (0.1D 
ETEC + Shigella + Aeromonas 1 € 0.1) almoneiia + Aeromonas 1 (0.1) 

aa Noe A 
EPEC*: enteropathogenic Escherichia coli, ETEC**: enterotoxigenic Escherichia coli. 
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occurred in the year. In Kwale, EPEC, ETEC and only a carrier of Salmonella were 
detected and no carriers of V. cholerae and Shigella were found, EPEC was predominantly 
found and was followed by ETEC, because no attempt was made to isolate C. jejuni . In 
both areas, 3.0 per cent of healthy inhabitants carried ETEC. Only a man in Kwale carried 
ETEC producing both toxins. | 


Table 2. Distribution of enterotoxigenic Escherichia coli in relation to 
the age of children with diarrhea 


Age-groups Number of Number of cases having producer of 
(month) patients tested LT LT/ST ST Total (%) 
0— 6 142 2 1 3 6 € 4.2) 
7 — 12 245 8 0 6 14 € 5.7) 
13 — 18 122 3 0 6 a Ci) 
19 — 24 19 3 0 2 5 (6.7) 
25 — 30 34 1 0 1 2 ( 5.9) 
31 — 36 36 1 1 2 A (11.1) 
> 36 125 2 0 3 5 (4.0) 
Unknown 3 1 0 1 2 
Total 782 21 2 24 47 C 6.0) 


Table 3. Distribution of enterotoxigenic Escherichia colt in relation to 
the sex of children with diarrhea 


es Number of Number of cases having producer of 
patients tested LT LT/ST ST Total (%) 

Male 443 12 0 17 29 (6.5) 

Female 336 9 2 7 18 (5.6) 

Unknown 3 0 0 0 0 

Total 782 21 2 24 47 (6.0) 


Table 4. Enteropathogens identified from healthy inhabitants in South 
Nyanza and Kwale 


a 


Enteropathogens South Nyanza Kwale 
No. isolated (%) No, isolated (%) | 

EPEC 54 (11.5) 31 (15.8) | 
ETEC 14 C 3.0) 6 € 3.1) 

LT 6 C 1.3) 1 (0.5) 

LT/ST 0 1 © 0.5) 

ST 8 (1.7) 4 (2.0) 
Vibrio cholerae Q1 10 C 2.1) 0 
Salmonella 3 € 0.6) 1 € 0.5) 
Shigella 2 (0.4) 0 


8 


141 


Table 5, Distribution of enterotoxigenic Escherichia coli in relation to 
the age of healthy inhabitants in South Nyanza and Kwale 


Age-groups Number of Number of carriers of 

(year) inhabitants tested LY LT/ST ST Total (%) 

0— 4 106 0 0 1 1 (0.9) 

o= 10 126 1 1 1 3 (2.4) 

11 — 14 73 0 0 2 227) 
> 14 325 4 0 8 12 (3.7) 

Unknown 34 2 0 0 2 (5.9) 

Total 664 7 1 


12 20 (3.0) 


Table 6. Distribution of enterotoxigenic Escherichia coli in relation to 


the sex of healthy inhabitants in South Nyanza and Kwale 


Sex Number of Number of carriers of 
inhabitants tested LT LT/ST ST Total (2%) 

Male 336 2 1 5 8 (2.4) 

Female 308 5 0 7 12 (3.9) 

Unknown 20 | 0 0 0 0 

Total 664 7 ji 12 20 (3.0) 


The distribution of the toxin-types for ETEC isolated from healthy individuals by age 
and sex were shown in Tables 5 and 6 respectively. Number of each age group was so 


small to compare with each other, and only a slightly high rate was observed in females. 


DISCUSSION 


The main purpose of this study was to clarify the existence of ETEC infection in 
Kenya. ETEC was the thirdly common enteropathogen folowing EPEC and C. jejuni in 
diarrheal cases of children ranging from 0 to 14 years old in Mombasa, and ETEC was 
isolated from 47 out of 782 cases giving an infection rate of 6.0 per cent. In these cases, 
ST producers and LT producers were isolated in 24 and 21 cases respectively, and only 
two cases were due to producers of both toxins. While, in the study on the healthy 
carriers of ETEC, 20 out of 664 individuals were positive for ETEC showing an infection 
rate of 3.0 per cent. Twelve individuals were the carriers of ST producers, seven were 
LT producers and remaining one was LT and ST producer. It is clear that ST produc- 
ers were more frequently found in both groups of children with diarrhea and healthy 
individuals and that most of the strains elaborated only ST or LT. 

Many of the reports concerning the existence of ETEC in diarrheal cases (Nalin et 


al., 1975; Ryder et al., 1976; Donta et al., 1977; Echeverria et al. , 1978; Khusmith et 
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al., 1980; Black et al., 1980, 1981, 1982a) are showing that this organism is said to be 
the most common bacterial pathogen isolated from children with diarrhea in tropical de- 
veloping countries. However, the results of this study which agreed with the results of 
studies carried out in Thailand (Maidin et al., 1982) and in Indonesia (Maidin, 1983), 
seem to be relatively low compared with those data mentioned above. Moreover, there 
are a few reports showing lower incidences of 3.1 per cent from the Central African 
Republic (Georges et al., 1983) and 0.64 per cent in Madrid (Lopez-Brea et al., 1982). 
Also no ETEC was isolated from 37 children with diarrhea in Honolulu (Dean et al., 
1972). The available reports regarding the prevalence of ETEC infection show widely 
diverse results. Different methods to assay enterotoxins were applied by different workers, 
so it seems to be difficult to compare their findings. | 

Concerning ETEC from healthy individuals, there are also studies which presented 
high incidences of 39.2 per cent among 51 healthy children in Australia (Berry et al., 
1983) and 16 per cent in community survey in Bangladesh (Ryder et al., 1976). On the 
other hand, Black et al, (1982a) reported an occurence of 4.3 per cent of ETEC among 
children under five years of age without diarrhea in rural Bangladesh. Only one ETEC 
was isolated among 50 asymptomatic children in Mexico (Donta et al., 1977) and also one 
among 151 well children in the Central African Republic (Georges et al., 1983). In this 
study the isolation rates of ETEC in healthy children are 0.9 per cent (1/106) under the 
four-year-old, and 2.5 per cent (5/199) among the five- to 14-year-old. 

In this study the strains producing ST were the commonest ETEC followed by LT 
producers, and the similar results were found in the studies carried out in Bangladesh 
(Black et al., 1980, 1981, 1982a). On the contrary there are many reports from various 
places, Mexico (Donta et al., 1977), Thailand (Maidin et al., 1982), Australia (Berry 
et al., 1983), Central African Republic (Georges et al., 1983) and Indonesia (Maidin, 
1983), where ETEC strains producing LT only were isolated more commonly than ST only. 

Concerning the age group, many studies emphasized that young children under five 
years of age were most sensitive to ETEC (Ryder et al., 1976; Black et al., 1980, 1982a). 
In this study, however, it can not be said that there is a correlation between age group 
and the isolation rate of ETEC. 

It is quite surprising that ten patients from which ETEC were ae are mixed 
infection cases with other enteropathogens and this finding is accidentally supported by 
the report in the Central African Republic (Georges et al., 1983). Because of frequent 
concomitant infections with other pathogens, it is difficult to determine whether ETEC is 
a main pathogen causing diarrhea or not. In developing countries, people reside in poor 
socio-economic condition, in general, and foods and water are exposed by fecal contami- 
nation. Black et al. (1982a, b) reported that 41 per cent of food samples and 50 per cent 
of drinking water examined were contaminated in rural Bangladesh and emi eng that 
foods were important vehicles for the transmission of ETEC, : 


ETEC was not found to be a major cause either for diarrheal children or for healthy 


Ee- 
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carriers in this study. In Kenya EPEC and C., jejuni were more frequently isolated from 
diarrheal patients than ETEC and this observation also coincides with the finding studied 
in the Central African Republic (Georges et al., 1983). Further studies based on large 
community including the role of transmission will be needed to support the present study. 
However, it can be said that ETEC played an important role as one of enteropathogens 


causing diarrhea in Kenya. 
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